The light baryon spectrum in a relativistic quark model with instanton-induced quark forces; 2, The strange baryon spectrum by Loering, U et al.



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2 U. Loring et al.: The light baryon spectrum in a relativistic quark model with instanton-induced quark forces
from QCD in a strict and unambiguous way.We include a small theoretical consistency check in appendix A, but believe
that more work has to be done, probably extending the eorts in ref. [32,33,34,35,36,37,38]. The main emphasize
of this and the two preceding papers [1,2] is, however, put on the development of a relativistic quark model and the
detailed comparison with experimental data.
The paper is organized as follows. Section 2 is concerned with an extensive discussion of our predictions for the
excited -spectrum in comparison to the hitherto experimentally established -resonances. A principal objective of our
investigations is to demonstrate the role of the instanton-induced 't Hooft interaction in generating several prominent
structures seen in the experimental -spectrum. These are for instance the low position of the Roper analogue or the
occurrence of approximate parity doublets. This discussion of instanton eects is extended to the predictions in the
other strange sectors, i.e. for the - and -resonances in sections 3 and 4, respectively. In section 5 we briey present
our predictions for the 
-baryons, where 't Hooft's force does not contribute. In appendix A we check in how far the
model parameters, which are xed from the experimental baryon spectrum, are in fact consistent with QCD relations
from the theory of instantons. Finally, we give a summary and conclusion in section 6.
2 The -resonance spectrum
In this section we analyze the predictions of modelA and B of ref. [2] for the excited strange -baryons with strangeness
S

=  1 and isospin T = 0 and compare our results with the currently available experimental data. For the following
discussion it is convenient to begin with some general remarks concerning the action of 't Hooft's force and the
experimental status of this avor sector.
2.1 Remarks { Implications of 't Hooft's force and the experimental situation
Similar to the nucleon spectrum discussed in ref. [2] we expect the instanton-induced interaction to play an essential
role also for the description of the excited -spectrum. Let us briey comment on the inuence of 't Hooft's force on
the dierent states in this avor sector. As in the case of the excited nucleon states, the eect of 't Hooft's force in the
dierent -states depends on the content of quark pairs with trivial spin being antisymmetric in avor. But in contrast
to the nucleon states these quark pairs can here be non-strange (nn) or non-strange-strange (ns) and 't Hooft's force




. Moreover, the constituent quark model
predicts in comparison to the nucleon sector additional degrees of freedom for the -sector. This results from inclusion
of the strange quark, which leads to a totally antisymmetric avor singlet state 
1
in addition to the mixed symmetric
octet representations 
8
. Hence, in addition to the octet states (that posses corresponding counterparts in the nucleon





describing an excited -state with spin and parity J

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;Ag. The sum runs over the possible orbital angular momenta L that can be coupled with the internal
spin S to the total spin J as denoted by the angular brackets [: : :]
J
. To explore the implications of the strong selection
rules of 't Hooft's force for the dierent -states let us discuss qualitatively what one naively expects in a simpli-
ed picture (disregarding the negative energy component and the relativistic eects from the embedding map of the
Salpeter amplitudes (non-relativistic limit)). Recalling the selection rules of 't Hooft's force for the avor octet states









8[70] states should be shifted downward mass shift. Moreover,




8[70]. Concerning the additional avor singlet states we
expect dominantly
4










8[70] states we likewise expect a lowering
of dominantly
2




> 0 between the 't Hooft
couplings as required by the   ground-state splitting (see ref. [2]) implies further avor SU (3) symmetry breaking




> 0 between the non-strange and strange quark
masses. This leads to a further mixing of the avor singlet conguration
2













Once again we should be aware of the simplicity of these naive non-relativistic considerations: In the same manner
as observed for the excited nucleon states [2], the relativistic eects in our fully relativistic framework, especially the
interplay of 't Hooft's force with relativistic eects from connement should also here be very crucial for the inuence
of 't Hooft's residual force on the excited -states. In the course of the following discussion we therefore will again
analyze how instanton-induced eects in our fully relativistic approach do really shape the hyperne structures in the
excited -spectrum. From the discussion of the nucleon spectrum we expect again substantial dierences between the
results of the connement models A and B.
Before quoting our predictions let us rst discuss heuristically what we do expect from our earlier investigations
of the nucleon sector (see ref. [2]) in view of the rather similar structures that can be found in the experimental -








. In this limit the avor octet and avor singlet states completely decouple due to the explicit avor-
independence of the connement kernel and due to the avor SU (3) invariance of the embedding map, the kinetic
energy operator and 't Hooft's force in this case. Consequently, the avor octet states of the -spectrum and the nucleon
spectrum have exactly the same masses and conguration mixings. The singlet states just additionally appear with the
2
1[70] states lowered with respect to the
4









this degeneracy is lifted and singlet and octet states mix. Nonetheless, we expect the dominantly avor octet states
of the -spectrum forming hyperne structures that have their direct counterparts in the excited nucleon spectrum.
This, in fact, one really observes in the experimental -resonance spectrum. Figure 1 shows a direct comparison of
the present experimental situation for the nucleon- and -resonances for each sector with spin and parity J

. The
nucleon states are displayed on the left hand side in each column and the -states on the right hand side. To correct
approximately for the avor SU (3) breaking eects in the -states, the mass scales for N - and -resonances are
mutually shifted by 177 MeV, such that the ground-states appear at the same level. The gure nicely demonstrates
that the positive- and negative-parity -spectra indeed exhibit several structures showing similar hyperne splittings
as in the nucleon spectrum. The corresponding states thus presumably are the avor octet counterparts of the nucleon
spectrum. According to g. 1, let us briey summarize the most striking features of the experimentally observed
-spectrum that have (and have not) counterparts in the experimental nucleon spectrum:
{ The pattern of four low-lying -resonances in the positive-parity 2h! band indeed shows a very striking simi-





(1600; ***), which is the rst isoscalar/scalar excitation of the -ground-state, may be viewed as the

















(1820; ****) are approximately degenerate at around 1850 MeV quite












(1680; ****) which are nearly









































































































Fig. 1. Comparison of the present experimental situation for nucleon- and -resonances. The resonances are classied due to
their total spin and parity J

. On the left in each column, the nucleon resonances are shown. For comparison, the -resonances
are shown on the right hand side in each column. Note, that the mass scale for the -states is shifted downwards with respect
to the mass scale of nucleon states by 177 MeV, so that the ground-states appear on the same level. In, fact there are a lot
of -states (expected to be dominantly avor octet), that have their direct counterparts in the nucleon spectrum. See text for
further explanations.


























(1710; ***), however, seems to be less clear.
{ In the upper part of the negative-parity 1h! band between 1600 and 1900 MeV the four well-established three-
and four-star -resonances stated by the Particle Data Group exhibit hyperne splittings which are similar to









(1690; ****), which form a nearly degenerate doublet at around 1680 MeV, may be
















































(1675; ****) in the upper part of the nucleon 1h! shell.









sector, has not been observed so far.









have no counterparts in the nucleon spectrum. Consequently, they are expected to be dominantly avor singlet
states. Apart from the signicantly lower position with respect to the octet states, a very striking feature of these two
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lies even below the lowest nucleon excitations and is the lowest negative parity excitation in the light baryon
spectrum measured at all. The failure of several constituent quark models in reproducing the low position of this
well-established four-star state is a long-standing problem and there is still controversy about the real physical
nature of this state, see for instance [17].
{ Similar to the nucleon spectrum one observes overlapping parts of alternating even- and odd-parity bands which
likewise lead to the appearance of approximate "parity doublets" in the experimental -spectrum. The best es-














This doublet is due to the overlap of the negative-parity 1h! and the positive-parity 2h! shell. A further parity














In the higher mass region of the -spectrum such a parity doublet pattern is indicated by the lowest resonances
















Since all corresponding structures of the excited nucleon spectrum could be nicely reproduced by means of 't Hooft's
residual interaction, our approach (model A) looks very promising to work as well for the counterparts in the -
spectrum. So let us see now how far the predictions of both models can really account for these observed structures
using the parameter sets of ref. [2] as they were xed on the phenomenology of the - and the ground-state spectrum
alone. In this respect, we should stress once more that also in the -sector all calculated positions of excited states are
real parameter-free predictions. As already in the nucleon spectrum, no structure in the -spectrum has been explicitly
adjusted.
2.2 Discussion of the complete -spectrum
Our predictions for the -spectrum in both model variants A and B are depicted in gs. 2 and 3, respectively. The
resonances in each column are classied by their total spin J and parity . For both parities the predictions are shown
up to J =
13
2
. For each sector [ J

] at most ten radially excited states are displayed on the left hand side of the
column. In comparison, the currently experimentally known -resonances [18] are shown on the right hand side in
each column. The corresponding uncertainties in the measured resonance positions are indicated by the shaded areas.
The status of each resonance is denoted by the corresponding number of stars following the notation of the Particle
Data Group [18] and moreover, by the shading of the error box which is darker for better established resonances. The
following discussion is organized according to a separate investigation of each shell. The predicted masses for the states
of each shell in comparison with corresponding resonance positions measured experimentally are explicitly given in
the tables 1, 3, 5 and 6, respectively.
2.2.1 A rst glimpse of the resulting spectra{comparing model A and model B
Comparing globally the predictions of model A and model B in gs. 2 and 3, respectively, we again observe that model
A leads to consistently better agreement with experiment than model B: As in the non-strange nucleon sector, model
A can excellently explain the positions of several well-established four- and three-star resonances of the complete
-spectrum presently known (most of them belonging to the 1h! and 2h! shell): Since this is in fact a parameter-free
prediction, the excellent quantitative agreement is very remarkable and strongly supports the credibility and predictive
power of our model A.











It is worth to note in this respect the striking dierence to the present experimental situation in the nucleon spectrum




sectors (see ref. [2]): In
contrast to our model calculation the currently available experimental data do not exhibit a clear parity doublet structure of
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Fig. 2. The calculated positive and negative parity -resonance spectrum with isospin T = 0 and strangeness S

=  1 in
model A (left part of each column) in comparison to the experimental spectrum taken from Particle Data Group [18] (right
part of each column). The resonances are classied by the total spin J and parity . The experimental resonance position is
indicated by a bar, the corresponding uncertainty by the shaded box, which is darker for better established resonances; the
status of each resonance is additionally indicated by stars.
remains unsolved also in our fully relativistic approach which uses instanton-induced, avor-dependent forces. In view
of the otherwise excellent results, this shortcoming strongly indicates that something in the present dynamics is missing
which must be very specic to that single state. We will come back to this question during the following more detailed
discussion.
As one would already anticipate from our discussion of the nucleon spectrum [2], the most distinct deviations
between model A and B again show up in the sectors with total spin J =
1
2
. In particular, model B once again strongly




{sector, which in this avor




(1600; ***) of the Roper resonance. Furthermore, several positions of higher mass states
(in the 2h! shell and beyond) are generally predicted too high in model B. This result once more conrms that model
A is more realistic and thus the favored model for describing light baryons. For this reason, the following detailed
comparison of our predictions with experiment will henceforth mainly focus to the results of the more successful model
A. Now let us discuss and investigate in detail the hyperne structures in each shell. We start with the predictions in
the positive parity 2h! shell.
2.2.2 States of the positive-parity 2h! band


















. The positions predicted for these states (in both
models) are summarized in table 1 together with the assignment to the observed states according to a comparison of the
predicted and measured masses. The number of predicted 2h! states is even larger than in the nucleon spectrum owing
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Fig. 3. The calculated positive and negative parity -resonance spectrum with isospin T = 0 and strangeness S

=  1 in
model B (left part of each column) in comparison to the experimental spectrum taken from Particle Data Group [18] (right
part of each column). The resonances are classied by the total spin J and parity . See also caption to g. 2.
to the additional avor singlet states. On the other hand there are considerably fewer states observed experimentally,








sectors. Hence a quite large number of -resonances in this mass region is expected to be \missing", i.e.
hitherto these states have not been seen in multichannel phase-shift analysis of

KN scattering data. In this respect,
the study of strong two-body decay amplitudes of baryons within our covariant Bethe-Salpeter framework would be
very favorable again. This should oer the possibility to explain that model states, assigned to observed resonances
(according to their position), strongly couple to the

KN channel, whereas the others do not (or only weakly couple
to

KN ) and thus escape from observation [19]. Since these investigations are still in progress, here the assignment of
model states to experimental states has again to be made on the basis of the masses alone. To distinguish between
dominantly avor octet and avor singlet states we additionally tabulated for each state of model A the corresponding
spin-avor SU (6) contributions in table 2. This information is useful for identifying those structures, that have their
direct counterparts in the nucleon spectrum.
Figure 2 shows that the agreement between the predictions of model A and the few presently known resonances of
the 2h! shell is of similar good quality as that of the corresponding nucleon states. Due to 't Hooft's force, we again














a selective lowering of particular states with respect to the majority of
states grouped between 2000 and 2200 MeV, which essentially remain unaected by 't Hooft's interaction. The centroid













xed from the ground-state hyperne pattern, four of
the separated states are lowered even deeply enough to t rather well into the conspicuous low-lying pattern formed by

















Their structure is very similar to that found in the nucleon spectrum (see g. 1). Figure 4 demonstrates how in model
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Exp. state PW J

Rating Mass range [MeV] Model state Model state




































































































































































































































































































Table 1. Calculated positions of all -states assigned to the positive parity 2h! shell in comparison to the corresponding
experimental mass values taken from [18]. PW denotes the partial wave and the rating is given according to the PDG classication




(M) for the predicted model states in model A and B,
respectively, where B denotes the baryon (i.e. the avor), J

are spin and parity, and M is the predicted mass given in MeV.
n = 1; 2; 3; : : : is the principal quantum number counting the states in each sector J

beginning with the lowest state.






The gure illustrates the inuence of 't Hooft's force on the energy levels of all positive-parity -states, where
the eects of non-strange (nn) and non-strange-strange (ns) diquark correlations are shown separately
2
. Starting from




= 0) which is shown in the leftmost spectrum of each column, rst the
non-strange coupling g
nn
is gradually increased up to its value g
nn
= 136 MeV fm
3
xed from the    N -splitting
while the non-strange-strange coupling still is kept at g
ns
= 0 MeV fm
3
. Then, the non-strange-strange coupling g
ns
is increased until the -ground-state together with the other octet hyperons  and  (here compare to ref. [2]) is
correctly reproduced (g
nn




= 94 MeV fm
3
). The spectrum predicted nally in model A is shown
on the right hand side of each column in comparison to the experimental resonance positions. Indeed, it turns out
that, once the couplings are xed to reproduce the hyperne pattern of ground-states, the positions of the four com-
















(1820; ****) are simultaneously
well described. Apart from the distinct action of 't Hooft's force in the non-strange and non-strange-strange diquark
channels the systematics observed here is quite similar to that found for the corresponding 2h! nucleon states. For a













sector with maximal possible spin J
max
(N ) = N +
3
2
in the N = 2 oscillator shell, our model predicts





in this mass range of the F
07
partial wave. The mass predicted at 2130 MeV lies within the quite large range of
possible values of this poorly determined one-star resonance. To achieve this maximal total spin, this state contains a
symmetric spin-quartet wave function. Consequently, this state, i.e. its mass as well as its Salpeter amplitude remains
totally unaected by 't Hooft's force as conrmed in g. 4. In fact, this state shows an almost pure
4
8[70] conguration









of the nucleon spectrum.
2
The dierent behavior of the states under inuence of the two distinct (nn) and (ns) parts of 't Hooft's force then reects
the (scalar) diquark content of both avor types within the states.






































(1108) 98.6 94.3 3.9 0.0 0.0 0.3 0.0







(1677) 98.6 88.4 6.2 0.1 0.2 3.7 0.1







(1747) 98.9 5.1 2.1 0.0 0.1 90.6 0.9


















(2077) 99.0 0.5 1.2 85.8 11.2 0.1 0.3







(2099) 98.9 1.1 0.6 1.5 11.7 0.9 83.0







(2132) 98.9 2.2 1.6 11.2 69.8 0.6 13.5







(1823) 98.5 60.0 28.2 0.3 0.1 9.9 0.1







(1952) 98.4 3.8 7.6 0.8 0.1 84.0 2.2







(2045) 99.2 0.5 0.2 96.9 1.1 0.3 0.2










(2087) 99.0 1.3 1.6 84.0 11.2 0.6 0.3







(2133) 99.1 25.2 56.2 7.2 9.1 1.2 0.2







(2157) 99.0 5.1 8.0 8.5 70.8 1.1 5.5







(2176) 99.0 0.3 0.4 0.7 5.8 4.2 87.5







(1834) 98.5 57.8 28.3 0.2 0.1 12.1 0.0







(1999) 98.7 4.5 8.9 1.0 0.1 84.1 0.2










(2078) 99.0 9.0 9.9 77.1 0.0 2.0 0.9







(2127) 99.0 20.9 45.9 12.9 0.0 0.6 18.7







(2150) 99.0 4.6 7.6 7.8 0.0 0.7 78.3










(2130) 99.2 0.0 0.0 99.1 0.0 0.0 0.1
0.8 0.1 0.1 0.6 0.1 0.0 0.0





sectormodel A predicts altogether ve states. As in the corresponding nucleon sector, the dominantly
2
8[56] state shows the largest downward mass shift of roughly 200 MeV relative to its position in the pure connement
spectrum. Note that this lowering originates mainly from an attractive correlation in the scalar non-strange (nn)
diquark channel, whereas the contribution from the non-strange-strange (ns) diquark correlation is almost negligible.














admixture of avor singlet contributions amounts to only  12%. Hence, this low-lying, dominantly
2
8[56] state may




(1720; ****). The second excited state is predicted at 1999 MeV.
It exhibits a dominant
2
1[70] conguration ( 85%) and 't Hooft's force induces a moderate downward mass shift of
roughly 120 MeV, where now this lowering originates mainly due to an attractive non-strange-strange (ns) scalar
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0 136 0 94 0 136 0 94 0 136 0 94 0 136 0 94 0 136 0 94
Fig. 4. Inuence of the instanton-induced interaction on the energy levels of the positive-parity -states in model A. The
eects of non-strange (nn) and non-strange-strange (ns) diquark correlations are shown separately: In each column the leftmost





, respectively. The middle spectrum shows rst the result with 't Hooft's force acting only for non-strange
quark pairs (g
nn




= 0 MeV fm
3
). Finally, the right spectrum shows the prediction with 't Hooft's force
acting for both, non-strange and non-strange-strange quark pairs (g
nn




= 94 MeV fm
3
). For comparison
the rightmost spectrum shows the experimental data with the corresponding uncertainties.
diquark correlation. This dominantly avor singlet state has no counterpart in the N

spectrum and a corresponding





(1820; ****) and the three remaining states predicted in this sector. The three other states are hardly inuenced





















sector, this state apparently has no scalar non-strange-strange (ns) diquark contributions and the whole mass shift
turns out to be due to an attractive non-strange (nn) diquark correlation alone. With the 't Hooft couplings xed on
the ground-state spectrum, the lowest excited state is then predicted at 1823 MeV and thus can be uniquely identied




(1890; ****) observed experimentally in the P
03
partial wave. Once













(1890; ****), no further resonance has been seen
in the P
03




sector the second state predicted at 1952 MeV again reveals a
dominantly avor singlet
2
1[70] conguration ( 85%). Compared to the dominantly
2
8[56] state, it exhibits again a
rather moderate downward mass shift of roughly 130 MeV due to a dominantly non-strange-strange (ns) scalar diquark
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correlation. Hence this state, which has no counterpart in the nucleon spectrum, comes to lie fairly in between the
lowest excitation and the ve remaining states in this sector, whose positions are virtually not aected by 't Hooft's
force and are predicted to lie in the range between  2045 and  2180 MeV.




sector with the scalar/isoscalar excitations of the -ground-state. Here we expect
six excited 2h! states. Again, the lowest state predicted at 1677 MeV turns out to be dominantly
2
8[56] ( 89%). Due
to 't Hooft's force this state is strongly lowered by almost the same amount (roughly 300 MeV) as the ground-state.










(1440; ****) and hence it may readily be associated with the octet partner of the Roper resonance.
In the nucleon sector we found [2] the Roper state in model A showing a very similar behavior under the inuence
of 't Hooft's instanton-induced interaction like the ground-state. Here we make a similar observation: Both, the -
ground-state and the Roper-type state, show almost the same contributions of non-strange and non-strange-strange
scalar diquarks. Consequently, in both cases, the equally large energy shift originates mainly from the non-strange and
partly from the non-strange-strange diquark correlations (here compare to the discussion of the ground-state spectrum
in ref. [2]). It is interesting to note that exactly the same behavior is also observed for the second radially excited state





As the Roper-type state, this resonance likewise reveals the almost same strong downward mass shift of about 300









sector, this second excitation predicted
is not the dominantly avor octet
2
8[70] state, but a dominantly avor singlet
2
1[70] state ( 92%). The dominantly
avor octet
2
8[70] state, however, appears here as the third radial excitation predicted at 1898 MeV. Consequently, we













sector. However, our assignment is less clear, since the reported central
value of 1710 MeV of the second observed excitation lies fairly in between our two model predictions at 1747 and 1898




(1810; ***) might be resolved into two separate states by future experiments.
2.2.3 States of the negative-parity 1h! band
We now turn to the discussion of negative-parity -states in the 1h! shell. As usual in constituent quark models














in this shell. In the baryon
summary table of the Particle Data Group [18] six well-established four- and three-star resonances with these spins
below 2 GeV are listed. In model A the assignment to these observed resonances due to a comparison of predicted and
measured masses is unambiguous and a clear identication of the states is thus readily possible. Only one resonance





Exp. state PW J

Rating Mass range [MeV] Model state Model state



























































































































Table 3. Calculated positions of all -states assigned to the negative parity 1h! shell in comparison to the corresponding
experimental mass values taken from [18]. Notation as in table 1.
Table 3 gives the predicted masses of both models in comparison to the six corresponding experimental resonance
positions. In addition, table 4 shows the contributions of the dierent spin-avor SU (6) congurations to each state
of model A. Again let us focus in this discussion to the (better) results of model A. As shown in g. 2 the masses
predicted in model A can considerably well account for all resonance positions quoted by the Particle Data Group,
however, as already mentioned, with one striking exception: The notorious diÆculty in explaining the low position of



































(1524) 98.8 2.9 26.0 0.3 0.0 69.4 0.2










(1630) 98.7 5.5 61.6 2.1 0.3 29.2 0.1







(1816) 99.4 0.2 3.1 94.9 0.6 0.1 0.6







(1508) 98.6 2.0 18.7 0.1 0.0 77.7 0.1










(1662) 98.9 4.4 72.0 2.2 0.2 20.1 0.0







(1775) 99.3 0.8 1.5 96.1 0.0 0.4 0.4










(1828) 99.4 0.0 0.0 99.0 0.0 0.0 0.4
0.6 0.0 0.1 0.4 0.1 0.0 0.0









(1520; ****) cannot be resolved by using instanton-induced forces also within
our fully relativistic framework based on the Salpeter equation. Otherwise, the hyperne structure of the other 1h!
-states can be nicely explained by 't Hooft's residual force. Figure 5 shows how 't Hooft's residual interaction shapes
this hyperne structure of the negative-parity 1h! shell due to the correlation of non-strange and non-strange-strange
diquarks within these states.
Analogous to g. 4 which shows instanton-induced eects for the positive-parity -states, g. 5 likewise shows the
inuence of 't Hooft's force on the energy levels of all negative-parity -states. As before, we start with the pure




are gradually increased. Once again we observe the
remarkable feature of the instanton-induced interaction that once the 't Hooft couplings are xed to account for the





















(1520; ****) of the 1h! shell, are at the same time ex-

















sector our model predicts a single 1h! state at 1828 MeV. Its mass exactly agrees with the resonance




(1830; ****) observed in the D
05




the highest possible spin in the 1h! shell and thus requires an internal spin-quartet function for this state. Table




resonance being a pure avor octet
4
8[70] state, which is by no means inuenced by 't Hooft's




(1675; ****) in the nucleon spectrum, this state is thus
determined by the connement force alone. This selection rule of 't Hooft's force once again nicely conforms with




(1830; ****) is well described. The




(1830; ****) thus provides good support
for the avor-independent connement force, whose parameters have been xed on the phenomenology of the (non-
strange) -spectrum alone: concerning the positioning of the shells the connement force works obviously equally well
















(1690; ****) can be fairly well reproduced by 't Hooft's force: The rst excitation is predicted at 1508 MeV and
the second one at 1662 MeV, thus both states are predicted close to the resonance positions quoted by the Particle




(1520; ****) turns out be dominantly
2
1[70] ( 79%)
with an additional moderate admixture of a avor octet
2
8[70] contribution ( 19%). This dominantly avor singlet
state, which has no counterpart in the N

spectrum, shows the largest downward mass shift of almost the same amount
as the Roper-type state and the -ground-state in the positive parity sector. The biggest part of this shift originates
from the attractive non-strange and only a small fraction comes from the non-strange-strange diquark correlation. The
second state predicted reveals a dominant
2
8[70] conguration ( 72%) with an additional moderate contribution of a
avor singlet
2




(1690; ****) indeed may be viewed as




(1520; ****). Compared to the lowest state predicted, here the lowering by 't Hooft's force is
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Fig. 5. Inuence of the instanton-induced interaction on the energy levels of the negative-parity -states in model A. The
eects of non-strange (nn) and non-strange-strange (ns) diquark correlations are shown separately. See also caption of g. 4 and
text for further explanations.










. This state turns out to be an almost pure
4
8[56] state ( 97%) and hence is the expected avor octet partner













sector. The lowest state
predicted at 1524 MeV again turns out to be a dominantly ( 70%) avor singlet
2
1[70] state with a rather strong
(27%) contribution of a avor octet
2




sector, this state exhibits the strongest
lowering due to 't Hooft's force, but unfortunately not deeply enough to account for the puzzling low position of the








(1520; ****). Actually, the behavior of this state




sector. Both states show an equally
big lowering which primarily originates from a scalar non-strange diquark correlation, thus both becoming degenerate









(1405; ****), since 't Hooft's force otherwise provides a quite good explanation of the remaining states in this




(1670; ****). This state
exhibits a dominantly avor octet
2
8[70] conguration ( 62%) with an admixed
2
1[70] contribution ( 29%) and it
is moderately lowered by 't Hooft's interaction mainly due to a scalar non-strange-strange correlation. The third state
































sector the second state reveals
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an upwards mass shift due to the repulsive part in the relativistic version of 't Hooft's force acting in the pseudo-scalar




(1800; ***) and nally to correctly









Altogether we thus nd a rather good explanation for the hyperne structure of the negative-parity -states in the




(1405; ****): although 't Hooft's force provides
an explanation of the relatively low energy of the dominantly avor singlet states below the dominantly avor octet
states the instanton-induced interaction
3
, even if treated fully relativistically, cannot explain the exceptionally large








(1520; ****). Both states are roughly degenerate




(1520; ****). This shortcoming is observed in all other constituent quark models for
baryons as well and remains one of the outstanding problems. It is worthwhile to comment here on this somewhat
puzzling state. In view of the otherwise very consistent description of hyperne structures in the 1h! and 2h! bands
we believe that the too high predicted mass does not really reect a fundamental aw in our model but rather the
fact that other dynamical eects that are specic to that state are presently not taken into account in our model.




(1405; ****) and its role in the

KN interaction at low
energies. A review of this discussion is given by Dalitz [17] in the latest edition of the 'Review of Particle Physics'.








(1520) is often interpreted as a possible hint for the relevance of spin-orbit
forces in baryon spectroscopy. In our opinion such an interpretation is rather questionable. The splitting between
these states is exceptionally large and otherwise the light baryon spectra show hardly any evidence for strong spin-
orbit eects. This was just the reason why we have chosen those connement Dirac structures which induce only
moderate spin-orbit eects. Larger spin-orbit interactions would generally spoil the agreement for the spectrum in




(1405), which is lying about 30 MeV
below the N

K threshold, might be an unstable N

K bound state. But, such an interpretation requires the observation








states of the 1h! shell. However,
this energy region is already well explored by N

K scattering experiments with no sign of such a resonance [17]. The




(1405) seems to be a strong coupling of the bare
three-quark state to virtual meson-baryon (

KN ) decay channels due to its proximity to

KN threshold. A conrmation
of this conjecture on the basis of our covariant model requires the calculation of the








(1524), which then should be exceptionally large. But a really quantitative statement would require a fully
dynamical treatment of various external meson-baryon decay channels in general. Such investigations have been made







KN threshold. An incorporation of these eects in our fully relativistic Bethe-Salpeter framework, however, seems
presently to be technically too much involved.
2.2.4 Beyond the 2h! band
The high energy part of the positive- and negative-parity -spectrum beyond the mass region of the 2h! and 1h! shell
is experimentally hardly explored. Here the Particle Data Group states only three further resonances with established



















(2100; ****) has to be assigned to the 3h! band, but its position is comparatively low and nearly degenerate








(2020; *) in the upper part of the positive-parity 2h! shell. In the positive parity




(2350; ***) is seen experimentally in the H
09
partial wave and
due to its spin and position this state is assigned to the 4h! band. Apart from a bump ?
?
(2585; **) with undened
spin and parity no resonances have been observed so far which could be assigned to the higher 5h! and 6h! shells.
Our predictions of model A and B for the lightest few states in the 3h! and 4h! bands are summarized in tables 5
and 6 respectively. Again let us restrict our detailed discussion to model A. As can be seen in g. 2 and tables 5
3
We should add a remark here concerning the genuine three-body force of the instanton-induced interaction: In the literature





(1405). However, as discussed in ref. [2], this statement is not correct: The three-body force can be shown to act only on
avor-antisymmetric, spatial-symmetric three-quark states. There are, however, no physical three-quark states (baryons) with
this property, since these are color-antisymmetric and nally the Pauli principle can only be satised by spin-antisymmetric
three-quark wave functions, which do not exist. Hence this three-body force does not contribute to physical color singlet, but
only to color octet or decuplet three-quark states.
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State J

Rating Experiment [MeV] Mass [MeV] Mass [MeV]
























































































































































































































































































































Table 5. Calculated positions of the lightest few  states assigned to the negative parity 3h! shell. Notation as in table 1.
Exp. state PW J

Rating Mass range [MeV] Model state Model state



































































































































































































































































































Table 6. Calculated positions of the lightest few  states assigned to the positive parity 4h! shell. Notation as in table 1.








sectors in excellent agreement with the measured
positions of the well-established resonances observed in these sectors. The predicted masses for the rst excited state









at 2340 MeV are in both cases very close to the reported


























8[70]) with an additional moderate admixture (22%)
of a avor singlet
2




(2100; ****) shows almost equally big
avor octet ( 16%
2
8[56] and  31%
2
8[70]) and avor singlet ( 51%
2
1[70]) contributions. Unfortunately, the
lack of data allows no detailed investigation of the instanton-induced hyperne structures in 3h! and 4h! shells in
comparison with experiment as was possible in the lower-lying 1h! and 2h! shells. Nevertheless, the remarkably








(2350; ***) already clearly demonstrate the
importance of instanton-induced eects also in this higher mass region of the -spectrum, since 't Hooft's force nicely
explains the comparatively low positions of these states. This is convincingly illustrated in gs. 4 and 5. 't Hooft's
interaction shifts both associated model states relatively strongly downward by roughly 200 MeV with respect to
the other states and hence these become well isolated. As can be seen in gs. 4 and 5 this mass shift originates for
both states merely from an attractive non-strange scalar diquark correlation, while the non-strange-strange diquark
contributions is negligible. Once again we observe the remarkable feature that the shift of the states is exactly the





reproduce the ground-state hyperne-splittings. Otherwise, 't Hooft's force causes in the 3h! and 4h! shells in general
quite similar eects as in the lower lying 1h! and 2h! shells as can be seen in gs. 4 and 5. Therefore it is worthwhile
to comment at this stage on the instanton-induced hyperne structures of the shells in general.
2.2.5 Instanton-induced hyperne structures and approximate parity doublets





the ground-state baryons excellently explains the most prominent features in the single even- and odd-parity bands of
the experimental -spectrum. Here let us summarize how 't Hooft's force globally reorganizes the pure connement
-spectrum. The systematics is essentially the same as already exposed in the detailed discussion of the nucleon spec-
trum in ref. [2]. Without residual instanton force the three-body connement arranges the -spectrum into alternating
even- and odd-parity bands, where in each band the states are clustered in rather narrow energy ranges. Due to the














states, which essentially remain unaected. In particular, the states of the shell with maximally possible total spin
J
max
(N ) = N +
3
2
which posses an internal spin-quartet (S = 3=2) function in order to achieve this maximal total
spin, remain unshifted. Thus each Nh! shell systematically splits into an upper part with total spins up to J
max
(N )
and a lower part with total spins up to J
max
(N )  1. With the couplings xed from the ground-states the lower part
comes to lie fairly in between the upper parts of the two adjacent Nh! and (N  2)h! shells with the same parity and
thus nearly degenerate with the unshifted part of the (N   1)h! shell with opposite parity. Concerning the lower part
of the shells, the main dierence to the nucleon spectrum is rstly, that in general more states are shifted downwards
due to the additional avor singlet
2
1[70] conguration, and secondly, that both types of diquarks, non-strange and
non-strange-strange, emerge. In the -spectrum we thus observe in gs. 4 and 5 the lowered part of the shells actually
separating into two further parts. The excited states with dominant non-strange diquark contribution are generally
more strongly lowered than those with dominant non-strange-strange diquark contribution. This level ordering is qual-
itatively understandable in the following manner. Firstly, the scalar non-strange diquark correlation is stronger than




. Apart from that, the second, still more important eect is due
to the dierent kinematics of the two distinct diquark plus quark systems. In a strongly simplied, non-relativistic
picture with harmonic three-body connement forces (- plus -oscillator) one can approximately consider these states
as two-particle bound states of a scalar diquark with mass M
D
and a quark with mass m
q
, i.e. as non-strange diquark








). Diquark and quark
move in a two-body conning potential which then is given by the -oscillator alone. The two distinct diquark-quark





















































Similar to the nucleon spectrum the overlapping positive- and negative-parity bands lead to approximate parity
doublets. Figure 6 shows how 't Hooft's force induces such approximates doublets for the lowest exited states in the




















are those with the maximum total spin in the
1h!, 2h! and 3h! bands, respectively, and thus are determined by connement alone. In the corresponding sectors
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with the same spin but opposite parity there are always exactly two
4
states of the higher lying 2h!, 3h!
and 4h! shells which are selectively lowered by 't Hooft's force and thus become well isolated from the other states. It
is quite remarkable that the shift of the lowest excitations (with the non-strange diquark contribution) once again is
such that these in fact become degenerate with the unshifted rst excited states of opposite parity. The experimentally









(1830; ****) in the 2h! and 1h! shell, respectively. It is the counterpart to the








(1675; ****) in the nucleon spectrum (see ref. [2]).








(2100; ****) observed in the high energy region of the -spectrum
are just the states with maximally possible total spin J = J
max
(N )   1 in the lowered substructures of the N = 4































sector. But it is interesting that our





the sectors with spin J =
7
2























state in the 2h! shell predicted at 2130 MeV. It is




. In ref. [2] we showed that




nucleon states. In particular we likewise




































one state with a non-strange diquark contribution and another with a non-strange-strange diquark contribution
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view of the otherwise striking similarities between the nucleon and -states, that all can be simultaneously explained




sector is rather surprising. We therefore consider




(2100; ****) as a further strong support for our conjecture in ref.








(2190; ****) at roughly 2015 MeV which is the expected parity















belong to the positive-parity -Regge trajectory.
Since in our model both states are quite strongly lowered by the instanton interaction as the ground-state, it is again
interesting to investigate how far the 't Hooft's force inuences the linear Regge characteristics M
2
 J observed













2.2.6 The positive-parity -Regge trajectory
Figure 7 depicts the Chew-Frautschi plot (M
2
vs. J) of the positive-parity -Regge trajectory in both connement












(2350; ***) observed exper-









plus 't Hooft's force
connement




















































Fig. 7. Chew-Frautschi plot (M
2
















, : : :, in the models
A and B (lower curves) compared to experimental masses from the Particle Data Group (see [18]). The upper curves show the
trajectories without inuence of 't Hooft's instanton-induced interaction.
In consistence with the well-described -trajectory which is determined by the string-like connement alone [2], the
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avor-independent connement force produces likewise a linear characteristics for the pure connement -trajectories.
In model A this trajectory already shows the quantitatively correct slope, whereas the slope in model B turns out too
large right from start. Similar to the nucleon Regge trajectory we observe once more the remarkable and nontrivial
feature of 't Hooft's force to be compatible with the linear Regge characteristics. Again the downward shift of the
Regge states, which is largest for the ground-states and moderate for the higher states, is such that it preserves the
linear behaviorM
2
 J with almost the same slope as in the pure connement case. In model A the equally large shift
of all trajectory members in the mass square M
2


















at 2754 MeV lies fairly well on this linear trajectory. In model B, however, the slope remains too big to account
for the observed states. In table 7 the predicted positions for the -Regge states are once more explicitly summarized
in comparison to the experimental ndings.
Regge- Rating J

exp. Mass [MeV] Mass [MeV] Mass [MeV]





















Table 7. Position of states belonging to the positive-parity -Regge trajectory calculated in the models A and B in comparison
to the experimental resonance positions [18]. For a graphical presentation see g. 7.
This result once again illustrates the importance of instanton eects in the higher mass regions of baryon spectra.
In particular, it demonstrates that our string-like, avor-dependent connement ansatz A with its parameters a (oset)
and b (slope) xed entirely from the phenomenology of the non-strange -spectrum works equally well also in the
strange avor sector. In this respect model B, however, strongly fails: although the connement ansatz B could equally
well as model A account for the non-strange nucleon and -Regge trajectories, it produces here, in the strange -
sector, a wrong slope for the trajectory. At the end of this section we shall now briey comment on the shortcomings
of model B in general.
2.2.7 Shortcomings of model B
In accordance with our results for the nucleon spectrum in ref. [2], also the -spectrum is consistently better described
in model A than in model B. For this reason our preceding detailed discussion of the -spectrum has been restricted
mainly to the results of model A. But for the sake of completeness we should conclude our investigations of the -
spectrum by briey summarizing the main shortcomings of model B. In the -sector the discrepancies are even more
distinctive than in the nucleon sector. As mentioned, model B already fails in describing the -Regge trajectory. The
slope of the trajectory turns out too large. This is quite in contrast to the non-strange sectors, where - and nucleon
trajectories still could be quantitatively explained also by model B [2].
Figure 8 shows for model B the inuence of 't Hooft's force on the positive- and negative-parity -states in analogy
to the corresponding eects of model A in gs. 4 and 5. Looking at the pure connement spectra on the left in each
column, we nd the centroids of the 2h!, 3h! and 4h! band structures generally positioned higher than in model A.
Moreover, we again observe the connement Dirac structure of model B inducing dierent spin-orbit eects than that
of model A. Similar to the nucleon sector this leads to dierent intra-band splittings, level orderings and conguration





as chosen to reproduce the positions of avor octet ground-states (here the (1116; ****)) are
not suÆciently large to account for the masses of several comparatively low-lying states in each shell. In this respect,




sector, where the rst scalar/isoscalar excitation predicted








the interplay of 't Hooft's residual
interaction with the relativistic eects of the connement force even produces a completely dierent hyperne structure
of the three 1h! states. Here the two rst states predicted agree with the second and third resonances observed, while




(1405; ****). Instead, the third 1h! state is predicted
at roughly 2 GeV due to a strong upward shift of this state by the attractive part of 't Hooft's force that acts in the





(1405; ****) as an additional

KN bound state below the

KN threshold, since all other states of the 1h! shell are
reasonably well reproduced. But in view of the otherwise rather poor results of model B we do not take this alternative
seriously.
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Fig. 8. Inuence of the instanton-induced interaction on the energy levels of the positive-parity (ahead) and negative-parity




which are nally xed to g
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.
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2.3 Summary for the -spectrum
To summarize our discussion of the -sector, we presented our results of models A and B for the complete -resonance
spectrum. With the parameters being xed all calculated states were true parameter-free predictions which we com-
pared with the presently available experimental data. In fact we found excellent agreement between our predictions
of model A and the positions of the hitherto experimentally observed resonances in the -sector. Moreover, we again
analyzed in detail the role of 't Hooft's residual force for the hyperne structures of the excited -spectrum and similar
to the nucleon spectrum, we could convincingly demonstrate that also in the strange -sector instanton-induced eects
in fact provide a consistent and uniform explanation for almost all prominent features in the lower as well as in the
higher mass region of the spectrum. Once the 't Hooft couplings are xed to account for the correct position of the
octet-ground states (here the -ground-state), several excited states can be simultaneously well described, most of
these even in completely quantitative agreement:













to the positive parity -Regge trajectory . The model yields the correct empirical Regge characteristics M
2
 J
with the quantitatively right slope of the trajectory. Once more we could demonstrate the non-trivial property of
't Hooft's force to be compatible with the observed linear Regge characteristics.
{ The hyperne intra-band structure of the positive-parity 2h! shell could be nicely reproduced. As in the 2h! shell
of the nucleon spectrum the analogous pattern of four comparatively low lying states is explained due to a selective
lowering by 't Hooft's force: Similar to the Roper state model A likewise accounts for the strikingly low position




(1600; ***). Moreover, also the model states associated to












(1820; ****) are predicted close to
the experimental resonance positions.
{ The intra-band structure of the negative-parity 1h! shell could be likewise explained by 't Hooft's force. In the upper

















(1830; ****). These states in fact turned out to be dominantly avor
octet and hence could be identied as the octet counterparts of the 1h! nucleon states. Moreover 't Hooft's force
provides an explanation for the position of the dominantly avor singlet states below the dominantly avor octet








state turned out to be




(1520; ****) and thus the notorious problem in quark models to explain the exceptionally








(1520; ****) unfortunately remains unresolved also in our
fully relativistic approach.
{ Due to 't Hooft's force we again found overlapping substructures of shells with opposite parity leading to the
occurrence of approximately degenerate states with the same spin but opposite parity in the same manner as in


















Concerning the results of model B we found similar shortcomings as discussed in detail for the nucleon spectrum
in ref. [2]. But, in addition, the centroids of the band-structures are generally predicted too high showing that the
connement ansatz B works even less well in this strange avor sector.
At the end of this section we should nally mention that the fully relativistic treatment of the quark dynamics
within our covariant Salpeter framework of model A leads again to large improvements of the results as compared to
the corresponding non-relativistic quark model of [21,22] which employed instanton-induced forces as well. Although
similar eects of 't Hooft's force likewise emerged in this non-relativistic version, the lowering of particular -states
due to the scalar diquark correlations were in general too small to account quantitatively for prominent features as




(1600; ***). Positive-parity excited states tended to be too massive by
roughly 200 MeV. All in all the results of ref. [21,22] for the -spectrum are rather similar to those of our inferior
model B.
Let us now continue our investigations with the discussion of the strange  baryons (S

=  1, T = 1), where in
contrast to the -states 't Hooft's force acts only in the non-strange-strange diquark channel but is absent for the
avor-symmetric (T = 1) non-strange diquarks.
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3 The -resonance spectrum
In this section we will discuss our predictions for the excited -baryons with strangeness S

=  1 and isospin T = 1
and compare our results with the corresponding experimental data quoted by the Particle Data Group [18]. Again let
us start with some general remarks concerning the eects of 't Hooft's force expected in this avor sector.
3.1 Remarks { Implications of 't Hooft's force and the experimental situation
The  baryons have the same avor content of two non-strange quarks and one strange quark as the  baryons.
But in contrast to the  states the non-strange quarks form symmetric isovector (T = 1) quark pairs and therefore
't Hooft's force does not act in the non-strange diquark channel but exclusively in the avor-antisymmetric non-strange-
strange diquark channel. For the -baryons the avor wave functions can be combined to the mixed symmetric
octet representations 
8
corresponding to the non-strange N states and to the totally symmetric avor decuplet
representations 
10
which correspond to the non-strange  states. The positive and negative energy components of




describing an excited -state with spin and parity J

are obtained by the embedding




























, which then in general can be decomposed into the following six















































































































































































































































































































Here we used the same notation for the spatial, spin and avor wave functions as in the preceding section. For each
shell the constituent quark model thus predicts the same number of states as in the combined spectrum of N - and -




> 0, the decuplet and octet states
mix. Since the instanton induced force acts on avor-antisymmetric quark pairs only, it does not aect the totally




10[70] (similar to the non-strange  states). But 't Hooft's force
again aects the avor octet contributions in the same manner as for the nucleon states: From the strong selection




8[20] spin-avor SU (6) contributions are expected to




8[70] states shift downward due to the attractive scalar
non-strange-strange diquark correlation within these states. Apart from the mixing of avor-octet and avor-decuplet
congurations owing to the avor-SU (3) symmetry breaking eects from the mass dierence of the non-strange and
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strange quark masses, we nonetheless anticipate a spectrum of overlapping dominantly avor-decuplet and dominantly
avor-octet states, which by themselves form similar intra-band structures as their corresponding counterparts in the
non-strange - and N - spectra, respectively. In particular, we expect 't Hooft's force generating hyperne splittings of
the dominantly octet states with the same systematics as observed for the nucleon states (and the dominantly avor-
octet  states). But note in this respect the following substantial dierences to the N and  spectra: The instanton
induced hyperne splittings, which here arise solely from the non-strange-strange diquark correlation, are expected
to be considerably smaller and therefore, these structures generally might be hidden according to the overlapping
avor-decuplet states.
This might be the reason why also the experimental situation concerning the intra-band splittings is rather unclear
and inconclusive. In contrast to the N - and - sectors the  sector lacks well-established experimental data. Many
resonances in the lower energy regions of the 1h! and 2h! bands are only poorly established. The clearest evidence for a













(1600; ***) . Altogether there are



























(1775; ****) in the negative-parity sector. It should be noted here that, unlike the N - and -sector, the two






sectors do not form a parity doublet structure and moreover, there are no strong
evidences for parity doublets in general.
3.2 Discussion of the complete -spectrum
Figures 9 and 10 show our predictions for the  spectrum in models A and B, respectively. These are compared with
currently available experimental data as quoted by the Particle Data Group [18]. As before, the states depicted in
each column are classied by their total spin and parity J

. For each sector the predictions for at most ten radial
excitations are shown on the left hand side of each column. The experimental -resonance positions are displayed on
the right, where we use the same notation concerning the status and the uncertainty of each resonance as before. For
both parities gs. 9 and 10 show our predictions for spins up to J =
13
2
. In addition, the calculated masses of positive-
and negative-parity states are given explicitly in tables 8, 10 and 12.
3.2.1 Positive-parity excited  states
All observed positive-parity excited  baryons quoted by the Particle Data Group [18] lie in the energy region between










. Hence, they all should belong to the positive-parity
2h! band. There are no candidates with established quantum numbers for the higher lying 4h! or even 6h! bands.
Our predictions in models A and B for  states of the 2h! shell are summarized in table 8, where the assignment to
observed states again is made according to a comparison of the predicted and experimentally determined resonance
positions.
Unfortunately, the assignment here is far less clear than for the corresponding , N and  states due to the lack of
well established experimental data in this avor sector. Although even more states are expected, less states have been
seen by experiments up to now and the quality of data is even worse. Actually, only three states are established. These













(1660; ***). The few remaining resonances have only one- and two-star ratings. Consequently, apart
from the Roper-type resonance, the experimental situation concerning the intra-band splittings of the 2h! band is
rather unclear and less apparent than in the nucleon- and -sector. But, in fact this is what we would anticipate from
the much weaker eects of the instanton induced force in this avor sector, where 't Hooft's force acts exclusively
in the scalar non-strange-strange diquark channel with the weaker coupling g
ns
. In the -sector, where both types
of diquarks occur, we could nicely demonstrate the fact that owing to avor-SU (3) symmetry breaking eects the
inuence of non-strange-strange diquark correlations on the energy levels is signicantly weaker than that arising
from correlations in the scalar non-strange diquark sector. Consequently, those particular  states that are lowered
by 't Hooft's force do not become as clearly isolated from the majority of unaected, strongly clustered states as
the corresponding states in the nucleon- and -spectra. Moreover, the spectrum of unaected energy levels is even
richer according to the additional avor-decuplet states in the -sector. Therefore, we expect the hyperne structures
of the  spectrum much more diÆcult to resolve experimentally and from this point of view the inferior quality of
experimental data seems not surprising. The signicantly weaker eect of 't Hooft's force on the positive-parity excited
 states in model A is convincingly demonstrated in g. 11.
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Fig. 9. The predicted positive- and negative-parity -resonance spectrum with isospin T = 1 and strangeness S

=  1 in
model A (left part of each column) in comparison to the experimental spectrum taken from Particle Data Group [18] (right
part of each column). The resonances are classied by the total spin J and parity . The experimental resonance position is
indicated by a bar, the corresponding uncertainty by the shaded box, which is darker for better established resonances; the
status of each resonance is additionally indicated by stars.
The gure shows for each total spin J the behavior of  energy levels as a function of the 't Hooft coupling g
ns
.
The leftmost spectrum in each column is that obtained with the connement force of model A alone. Then the 't Hooft
coupling g
ns
is gradually increased up to its value g
ns
= 94 MeV fm
3
adjusted to reproduce the hyperon splittings


      and 

  . The right part of each column then depicts the resulting spectrum obtained with the full
dynamics in comparison to the experimental data. Indeed, we again observe the same systematics as found already



















. In analogy to the N - and






sector, whereas the almost equally large
downward mass shift of the three other states is comparatively weak. On the one hand, the weaker instanton induced









(1193; ****) ground-state splitting. This is nicely conrmed by the correctly








(2030; ****). But on
the other hand, the separation of the lowered states relative to the bulk of unaected states in fact is far less clear
than in the N - and -sectors. While in the 2h! band of the N - and -spectrum the mass gap between the two split
shell structures amounts to roughly 200 MeV, it is here mostly not even 100 MeV. Indeed, this might explain the




sector. In the following discussion we shall investigate


















separately. We restrict this detailed discussion to the more
realistic model A. The contributions of the dierent spin-avor SU (6)-congurations to each 2h! state in model A
are additionally tabulated in table 9. This information will be useful to identify hyperne structures of  states with
corresponding structures in the -, N - and -sectors.
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Fig. 10. The predicted positive- and negative-parity -resonance spectrum with isospin T = 1 and strangeness S

=  1
in model B (left part of each column) in comparison to the experimental spectrum taken from Particle Data Group [18] (right





sector with maximal total spin J =
7
2
in the 2h! band our model predicts two states: the lowest at
2070 MeV and another, roughly 90 MeV higher, at 2161 MeV. Both states are totally unaected by 't Hooft's force
and hence are determined by the connement kernel alone, as illustrated in g. 11. Although being predicted slightly





(2030; ****). It is dominantly a
4
10[56] state ( 70%) with a 30% admixture of a
4
8[70]













sector. The second excited state turns out to be dominantly
4
8[70] ( 70%) with a 30%
admixture of
4








(1990; **) in the - and nucleon


















state exhibits a dominant
2
8[56] contribution ( 79%) with additional admixture (19%)
of
2
8[70]. As shown in g. 11, this state similarly reveals a downward mass shift by 't Hooft's force of roughly 100
































are virtually not aected by 't Hooft's












sector is rather poorly explored. Only two poorly established structures have been resolved in the P
13
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Exp. state PW J

Rating Mass range [MeV] Model state Model state



























































































































































































































































































































Table 8. Calculated positions of  states assigned to the positive parity 2h! shell in comparison to the corresponding experi-
mental mass values taken from [18]. Notation as in table 1.




(1840; *), and another one, the slightly




(2080; **). The observed situation roughly corresponds to that predicted
for the eight states expected in our model A. Two of the eight states are rather low-lying at 1896 and 1961 MeV








sector, the lowest lying state at 1896 MeV is
predicted to be dominantly
2
8[56] ( 75%)and hence its low position arises from a downward mass shift by 't Hooft's

















(1890; ****). The second state predicted at 1961 MeV,
is dominantly
4




counterpart, its comparatively low position arises due to rather strong relativistic eects induced from the Dirac
structure of the connement kernel A (here we refer to the discussion of the -spectrum in ref. [2]). The remaining
six states cluster in a rather narrow mass range between 2010 and 2150 MeV roughly corresponding to the range of


















sector two states are selectively lowered from the other members of the 2h! band, as demonstrated in g. 11. In
fact, the systematics is exactly the same as in the corresponding nucleon sector. Again, the almost pure (96%)
2
8[56]
Roper-like state, which is already the lowest state in the pure connement spectrum, shows the strongest downward
mass shift in g. 11. Similar to the corresponding N - and -Roper states this mass shift of roughly 200 MeV is as large




ground-state. Hence this clearly isolated state becomes the lowest radial excitation at 1760 MeV,









(1440; ****). The second radial excitation, which is dominantly a
2
8[70] state










(1710; ***). There is a further comparatively low-lying structure observed experimentally in the P
11
partial wave.




(1770; *) which, however, does absolutely not t in the
systematics observed so far in the N - and -sector. Note, however, that this poorly established structure rests solely on






































(1190) 98.7 94.6 3.9 0.0 0.0 0.0 0.1







(1760) 98.8 96.1 2.3 0.0 0.1 0.0 0.2







(1947) 99.1 6.9 88.4 0.9 0.3 0.0 2.5










(2009) 99.0 0.0 0.2 8.4 0.1 89.9 0.4







(2052) 99.2 0.8 1.8 1.2 1.9 0.2 93.2







(2098) 99.2 0.2 1.1 88.3 0.4 8.5 0.6







(2138) 98.9 0.3 0.8 0.8 95.2 0.0 1.9










(1412) 99.4 0.0 0.0 0.5 0.0 98.9 0.0
ground-state 








(1896) 98.8 73.9 22.2 0.6 0.1 0.0 2.0







(1961) 99.1 0.0 0.0 5.1 0.1 93.9 0.1







(2011) 99.0 1.5 1.5 17.3 1.4 73.4 4.0










(2044) 99.0 2.4 18.9 28.0 10.2 7.1 32.5







(2062) 99.1 4.6 19.5 61.6 2.4 6.0 5.0







(2103) 99.1 10.2 37.0 40.8 1.4 0.8 8.8







(2112) 99.1 4.0 1.7 25.0 5.9 15.9 46.6







(2149) 99.0 0.3 0.5 19.8 77.1 1.2 0.2







(1956) 98.7 77.8 18.2 0.2 0.0 0.0 2.5







(2027) 99.0 2.9 7.8 16.3 0.0 65.9 6.0










(2071) 98.9 14.0 72.0 7.6 0.0 4.9 0.4







(2091) 99.1 0.1 2.4 53.9 0.0 5.2 37.5







(2138) 99.1 2.0 0.3 21.4 0.0 22.8 52.7










(2070) 99.0 0.0 0.0 29.4 0.0 69.6 0.0







(2161) 99.2 0.0 0.0 70.0 0.0 29.2 0.0
0.8 0.1 0.1 0.4 0.1 0.1 0.1










only one partial wave analysis which is in disagreement with most other analyses (see ref. [18]). Therefore, the existence
of this third low-lying structure is highly questionable and will presumably be disproved by future experiments. The
remaining four 2h! states expected in this sector form a pattern of more or less equidistant states in a region between
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Exp. state PW J

Rating Mass range [MeV] Model state Model state




































































































































Table 10. Calculated positions of  states assigned to the negative parity 1h! shell in comparison to the corresponding



































(1628) 98.6 5.4 87.4 2.3 0.1 0.0 3.4










(1771) 99.3 0.2 2.9 94.6 0.2 0.3 1.1







(1798) 99.2 0.1 2.8 1.7 0.3 0.0 94.4







(1669) 98.9 5.1 89.0 1.2 0.1 0.0 3.4










(1728) 99.2 0.1 0.1 82.7 0.1 0.2 16.0







(1781) 99.2 0.2 4.4 15.0 0.2 0.0 79.3










(1770) 99.2 0.0 0.0 99.0 0.0 0.2 0.0
0.8 0.0 0.2 0.5 0.1 0.0 0.0
Table 11. Conguration mixing of negative-parity  states in model A assigned to the 1h! band.
energy levels of several negative-parity  states in model A. As before, the gure demonstrates the change of the
spectrum with increasing 't Hooft coupling g
ns
which nally is xed to account for the avor octet ground-state
hyperons. Note that the eects of 't Hooft's force are again signicantly smaller than in the corresponding nucleon
and  sectors. But they are suÆciently large to provide a quantitatively correct explanation for at least some of the































(1775; ****) observed in the D
15
partial wave. Due to its maximally possible spin J =
5
2
this state, which is predicted to be purely
4
8[70], remains totally unaected by 't Hooft's force as illustrated in g.








(1675; ****) in the - and nucleon





our model likewise predicted a purely
4
8[70] state in the 1h! shell at 1828 MeV that exactly matches the measured













(1775; ****) although both states have exactly the same avor content of two non-strange and one
strange quark. This mass splitting is roughly of the same order of magnitude as the     ground-state splitting
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eV fm ]
experiment
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the eect of a strong scalar non-strange diquark correlation was suÆciently large to lower the rst excitations deeply








, respectively. In consistency with








(1775; ****)), the eect of the scalar non-strange-strange diquark










































sector the currently available data of altogether three observed resonances signicantly disagrees





(1670; ****), is exactly reproduced by the lowest state predicted in this sector at 1669 MeV.
This state turns out to be dominantly
2
8[70] ( 90%) and, as shown in g. 12, it is slightly lowered by 't Hooft's








(1520; ****) in the - and nucleon spectrum,




(1670; ****) there are two further D
13
resonances extracted from experiment,








(1670; ****), and another with









states predicted in the 1h! band by no means can account for these two states observed. Our result is quite
similar to that of other constituent quark models [23,24]. The calculation with model A yields two rather close states
at 1728 and 1781 MeV. The rst one is dominantly (83%) a
4





(1700; ***). The second, dominantly
2
10[70] state ( 80%) is the expected avor decuplet counterpart of the




sector does absolutely not t
in the systematics observed in the N - and -sector and in general is completely incomprehensible in a potential model




(1940; ***) one could speculate whether it is a member of the 3h! band (see table
12). But even then the measured position remains puzzling. Although 't Hooft's force selectively lowers two states of




state of the 3h! shell is




(1940; ***) lies exactly in between this lowest predicted 3h! state and the highest
predicted 1h! state. It is worthwhile to mention here that not all analyses of

KN scattering data require this state




(1580; **) in any case is not compulsory.








is quite inconclusive and a
verication of these rather old data by new experiments would be highly desirable.
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sector. The lowest state predicted at 1628 MeV nicely co-













(1535; ****) since it likewise exhibits a dominant
2
8[70] contribution ( 88%). Similar to
its N - and -counterparts this state is lowered by 't Hooft's force (see g. 12), here by roughly 80 MeV which is just




(1620; **) within its experimental uncertainties. We can




(1750; ***), but our model predicts within its range of
possible values two close states at 1771 and 1798 MeV although so far only one state is experimentally resolved in
this mass region of the S
11
partial wave. But there is another very poorly determined structure seen in the S
11
partial









The rst of the two close states predicted turns out to be a dominantly
4









(1650; ****) in the N - and -spectrum and similarly shows an upwards mass shift due
to the repulsive action of 't Hooft's force in the pseudo-scalar diquark channel. In this way the instanton force provides








(1750; ***), as shown in g. 12. The




(1750; ***) is hardly inuenced by 't Hooft's force, since it consists of an al-
most pure
2





Finally it remains to comment on the negative-parity states of the 3h! band. Our predictions for the lightest few
states in this shell are summarized in table 12.
Exp. state PW J

Rating Mass range [MeV] Model state Model state

































































































































































































































































































Table 12. Calculated positions of the lightest few  states assigned to the negative parity 3h! shell in comparison to the
corresponding experimental mass values taken from [18]. Notation as in table 1.
All states predicted in this band-structure lie beyond 2100 MeV. Concerning the instanton-induced hyperne











. In fact, we nd the same systematics observed for the
corresponding group of six states in the nucleon 3h! band [2]. But once again the mass shift here is rather small















the downward mass shift cannot account the positions of the rather poorly established resonance









(1940; ***) which already could not be associated with states predicted in the 1h! shell.




(2100; *) is the only eect seen in the G
17
partial wave. According to its total spin J =
7
2
this state denitely cannot belong to the 1h! shell, but must be, if we take it seriously, a member of the 3h! band.
Our model has the same problems to explain this structure as all other constituent quark models. The downward
mass shift of the dominantly
2


















is observed at the same resonance




(2100; ****) could be explained due to the much stronger eect
of a scalar non-strange diquark correlation. We thus do not worry about this poorly established one-star resonance
whose existence is highly questionable anyway.
3.2.3 Comment on the results of model B
So far we discussed entirely the predictions of model A which in the course of our previous investigations of the N -
and - spectra turned out to achieve signicantly better agreement with the phenomenology than model B. For the
sake of completeness we will conclude the discussion of the  sector briey commenting on the results of model B.
Comparing the predicted  spectra of models A and B in gs. 9 and 10, respectively, the superior predictive power
of model A to that of model B is once again conrmed. The  spectrum predicted in model B reveals essentially
the same shortcomings that could be already exposed in discussion of the nucleon- and -spectra. Similar to the 
spectrum the centroids of the 1h! and 2h! band structures again are predicted too high compared to that of the
observed states. Figure 14 displays for model B the eect of 't Hooft's force on the energy levels of the positive- and
negative parity  states. In comparison to the corresponding gs. 11 and 12 of model A, we nd once again that the
interplay of 't Hooft's residual interaction with the relativistic eects of the connement kernel B induces hyperne













sector, where the instanton force in model B cannot account



































































0 61.7 0 61.7 0 61.7 0 61.7









0 61.7 0 61.7 0 61.7 0 61.7
Fig. 14. Inuence of the instanton-induced interaction on the energy levels of the positive-parity (left) and negative-parity
(right) -states in model B. The curves illustrate the variation of energy levels with increasing 't Hooft coupling g
ns
which is
nally xed to g
nn
= 89:6 MeV fm
3
.
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3.3 Summary for the -spectrum
To summarize the discussion of this section, we presented the predicted -spectra of both model versions in com-
parison with the rather scarce currently available experimental data. Model A provides a good description for all
well established four-star resonances in the positive- and negative-parity sectors. Studying the inuence of 't Hooft's
residual force, which here exclusively acts in the scalar non-strange-strange diquark channel, we found signicantly
smaller eects than in the  and N - sectors, where the much stronger eects of the non-strange diquark correlation
emerged. This is consistent with the in fact smaller hyperne splittings observed in this avor sector and in particular
it nicely explains the absence of approximate parity doublet structures, for which there is (in contrast to the N -and









(1193; ****) ground-state splitting, 't Hooft's force in general provides again a rather good description of the
observed intra-band structures as far as they are experimentally resolved by the partly inconclusive data. In partic-









counterpart of the Roper resonance. Finally, we should mention that once again our fully relativistic approach (model
A) shows signicant improvements relative to the corresponding non-relativistic model of Blask et al. [21,22].
4 The -resonance spectrum
In this section we present our predictions for the excited -baryons with strangeness S





results in this avor sector are almost entirely predictive, due to the lack of experimental data. Not much is known
about  resonances since no direct formation is possible and the  baryons can only be produced as a part of a
nal state which in general is topologically complicated and diÆcult to study. Moreover the production cross sections








(1530; ****) there is





(1820; ***). There are further evidences for -resonances (even with a three-star rating), but in all cases spin
and parity of these states are completely undetermined [18].
There is not much to say about the structures expected in this avor sector: There are exactly the same degrees of
freedom as in  sector discussed in the preceding section. The octet and decuplet avor wave function corresponding





of excited -states with spin and parity J

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Again 't Hooft's force acts here for non-strange-strange quark pairs which are antisymmetric in avor thus aecting
the states in the same manner as in the -sector. Apart from slightly dierent spin-orbit eects and the overall higher
mass positions of states due to bigger strangeness content, the predicted structures of the -spectrum as well as the
conguration mixing of states is thus very similar to the -sector. In particular 't Hooft's force generates quite the same
hyperne structures, as shown in g. 15 for model A (compare to the corresponding gs. 11 and 12 for the -sector).




























































0 94 0 94
1/2- 3/2-
***
0 94 0 94
Fig. 15. Instanton-induced hyperne splittings of the positive- (left) and negative-parity (right)  states in model A. Left in
each column the spectrum from connement alone is shown. The curves show the change of the spectrum as function of the
't Hooft coupling g
ns














(1318; ****) ground-state splitting, we observe again an equally large (roughly 200







state, which we predict to occur at 1876 MeV in modelA, can be viewed as the Roper-type analog of the -resonances.
Also in the negative-parity sector the instanton induced eects are quite the same as in the -spectrum. Thus, all our
remarks concerning the structure of the positive- and negative-parity -spectrum basically hold also for the excited
states predicted in the -sector.






are graphically displayed in gs. 16 and 17.
In addition, the positions of 1h! and 2h! states and the lightest few 3h! states are explicitly tabulated in tables 13,
14 and 15. According to our previous results in the other avor sectors, we expect the predictions of model A to be
most reliable, but for the sake of completeness we also present those of model B.














(1820; ***) at 1780 MeV (in model A, see table 13). Concerning the other states quoted by
the PDG [18], whose spins and parities are unknown so far, we should note that a speculative assignment to model
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in model A (left part of each column) in comparison to the experimental spectrum taken from Particle Data Group [18] (right
part of each column). The resonances are classied by the total spin J and parity . The experimental resonance position is
indicated by a bar, the corresponding uncertainty by the shaded box; the status of each resonance is indicated by stars. At most
ten radial excitations are shown in each column.
states in general is ambiguous and inconclusive. New experimental eorts to shed light into this poorly explored avor
sector would be highly desirable.
Exp. state PW J

Rating Mass range [MeV] Model state Model state











































































































Table 13. Calculated positions of  states assigned to the negative parity 1h! shell. Notation as in table 1.
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in model B (left part of each column) in comparison to the experimental spectrum taken from Particle Data Group [18] (right
part of each column). The resonances are classied by the total spin J and parity . See also caption to g. 16.
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Exp. state PW J

Rating Mass range [MeV] Model state Model state






































































































































































































































































































Table 14. Calculated positions of  states assigned to the positive parity 2h! shell. Notation as in table 1.
Exp. state PW J

Rating Mass range [MeV] Model state Model state






























































































































































































































































































Table 15. Calculated positions of the lightest few  states assigned to the negative parity 3h! shell. Notation as in table 1.
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5 The 
-spectrum




=  3 and isospin T = 0. Almost nothing is known experimentally about the excited 
 spectrum
even 35 years after the unambiguous discovery of the 

 
ground-state in 1964. Apart from the ground-state only three
excitations with S








(2380; ***) and 
?
?





(1672; ****) have not actually
been measured but follow from the assignment to the ground-state decuplet.
Similar to the -sector, in our approach also the 
 states are determined by the three-body connement force alone,
since 't Hooft's force does not act on their common totally symmetric avor-decuplet wave-function, which diers
to that of the  states only by the replacement jni ! jsi of all non-strange avors by the heavier strange quark
avors. Thus, apart from the overall higher positions and slightly smaller spin-orbit eects the predicted structures
are essentially the same as in the -spectrum. Our predictions for the 
 baryons are depicted in gs. 18 and 19 for
model A and B, respectively, where again those of version A should be most reliable. The calculated masses for the
1h!, 2h! and 3h! states are explicitly summarized in tables 16, 17 and 18, respectively. Note that the three excited
states observed roughly t to the structures predicted, but a possible spin assignment would be rather ambiguous.













Fig. 18. The predicted positive- and negative-parity 
-baryon spectrum with isospin T = 0 and strangeness S

=  3 in
model A (left part of each column) in comparison to experimental data [18] (right part of the column). The resonances are
classied by the total spin J and parity . At most ten radial excitations are shown in each column.
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Fig. 19. The predicted positive- and negative-parity 
-baryon spectrum with isospin T = 0 and strangeness S

=  3 in
model B (left part of each column) in comparison to experimental data [18] (right part of the column). The resonances are
classied by the total spin J and parity . At most ten radial excitations are shown in each column.
Exp. state PW J

Rating Mass range [MeV] Model state Model state









































Table 16. Calculated positions of 
-states assigned to the negative parity 1h! shell. Notation as in table 1.
Exp. state PW J

Rating Mass range [MeV] Model state Model state













































































































































Table 17. Calculated positions of 
-states assigned to the positive parity 2h! shell. Notation as in table 1.
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Exp. state PW J

Rating Mass range [MeV] Model state Model state



























































































































































































































































Table 18. Calculated positions of negative-parity 
 states in the 3h! shell. Notation as in table 1.
6 Summary and conclusion
Extending our previous work [2] on non-strange baryons we have presented in this paper a calculation of the strange
baryon spectrum together with a detailed comparison with experiment. Within a relativistic quark model with instan-
taneous forces we are able to describe the known Regge trajectories and the hyperne structure in detail. 't Hooft's
instanton-induced interaction played a central role, but it was also crucial to establish a suitable connement interac-
tion (model A) and, in particular, the Dirac structure of this force. In comparison with nonrelativistic or "relativized"
quark models, the phenomenological success of the present relativistic model is remarkable; our earlier paper [2] and
the present work demonstrate that the complete known light baryon spectrum with roughly 100 resonance masses [18]
can be uniformly described with the help of seven model parameters.
Our model potentials are purely phenomenological as far as connement is concerned. The residual interaction has
a QCD background in 't Hooft's instanton-induced quark force; our paper, however, only tests the operator structure
of this force, in particular, the avor dependence. For purpose, we only determine the strengths by a t to the baryon
spectrum. In the appendix we present a poor mans consistency check: by xing a common cut-o for instanton sizes we
could roughly reproduce the quark model masses and couplings under the assumptions of spontaneous chiral symmetry
breaking. This is certainly only a rst step towards a more complete incorporation of instanton eects [32,33,34,35,
36,37,38].
Based on the Bethe-Salpeter amplitudes electro-weak decays and formfactors were already computed [40] in the
Mandelstam formalism [41]. The results will soon be published as well as some calculations of heavy avored (charm
and bottom) baryons, where as a new feature, the importance of one-gluon-exchange cannot be ruled out. Work on
the perturbative calculation of strong baryon decays [41] is more diÆcult but in progress.
Acknowledgments: We have proted very much from scientic discussions with V. V. Anisovich, G. E. Brown, E. Klempt,
K. Kretzschmar, A. Sarantsev and E. V. Shuryak to whom we want to express our gratitude. We also thank the Deutsche
Forschungsgemeinschaft (DFG) for nancial support.
A Appendix: Checking the consistency with QCD-relations








together with the eective range  of the regularized instanton-induced four-fermion interaction have been treated as
free parameters of our two models A and B. They have been adjusted to t the experimental spectra. To be more




and  of the 't Hooft interaction have been xed to the values given in ref. [2] in order





  and   and as a very nice feature of modelA it turned out, that at the same time the eect of
42 U. Loring et al.: The light baryon spectrum in a relativistic quark model with instanton-induced quark forces
't Hooft's force with these values xed could even account also for substantial structures of the excited baryon spectra
such as e.g. the low position of the Roper resonance and its strange partners or the appearance of approximately
degenerate parity doublets in the experimental nucleon- and -spectrum. Thus we could impressively demonstrate
the possibility that besides a proper connement mechanism (as given by model A), instanton-induced interactions
indeed may play the essential role in the determination of the spectra of light-avored baryons. An additional nice
feature of the instanton force is, that it intrinsically provides a constituent quark mass generation via the Nambu





the present framework. In order to conrm this picture of light baryons, it is important to investigate whether our








are really consistent with the theory of instantons and
its relation to QCD as discussed in detail in ref [2]. There we have shown that due to the process of chiral symmetry








. The QCD-relations have been derived by normal ordering of
the original instanton-induced six-quark vertex [16] with respect to the true physical QCD-vacuum which exhibits the








i for non-strange and strange quark elds, respectively. They are
functions of the critical maximum instanton size 
c
, whose value we expect to be in rough qualitative
5
agreement with
the eective range  = 0:4 fm of the regularized instanton force in our model. Let us briey recall these 
c
-depended
relations of ref. [2]:































































































































































































Here the instanton density d
0
() for three colors and three avors reads
d
0




















































, which we xed from a t to the phenomenology of the experimental















i and the QCD scale parameter 
QCD
. Typical phenomenological values of these QCD
parameters taken from [26] are listed in table 19.
It is now quite interesting to study to what extent these expressions for the coupling constants (13) and the
constituent quark masses (12) are consistent with the phenomenologically determined values in our covariant Salpeter
equation-based quark model. In other words, the question is, whether there is a common uniform instanton cuto 
c

















) obtained by the gap-equations with the standard QCD
values given in table 19 are in fair agreement with our phenomenologically xed values ? We restrict here our discussion
to the connement model A, which in connection with 't Hooft's force yields consistently better results for the excited
baryon spectrum than model B and hence seems to be the more realistic model. The corresponding situation is
presented in g. 20.
5
Note that the regularization procedure in the 't Hooft kernel is rather arbitrary. The meaning of the eective range strongly
depends on the regularizing function chosen. Thus only a rough correspondence between the eective range of the 't Hooft
interaction and the eective instanton size may be expected.
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(dashed lines) as functions of the critical maximum instanton size 
c
due to eqs. (12) and (13), respectively.
The calculation has been performed in two-loop approximation using the standard QCD parameters given in table 19. The
horizontal lines represent the corresponding phenomenologically adjusted values of model A.
The plotted curves show the constituent quark masses (dashed dotted curve) and 't Hooft couplings (dashed
curve) as function of the critical instanton size 
c
in two-loop approximation. They have been calculated with the
QCD parameters given in table 19. The horizontal lines represent the corresponding tted values in model A. Apart
from the strange quark mass m
s
, we indeed nd that the two tted coupling strengths g
nn





= 94 MeV fm
3
together with the tted non-strange quark mass m
n
= 330 MeV can be nicely reproduced by
the gap-equations with an approximately uniform critical instanton size 
c
' 0:44 fm, which is in a satisfactory
qualitative agreement with the eective range  = 0:4 fm of the 't Hooft interaction. This value 
c
' 0:44 fm also
conforms qualitatively with recent lattice investigations [27,28,29] on the topological structure of the QCD vacuum
which in fact predict a strong suppression of tunneling events for larger instanton sizes  > 0:45 fm. Concerning the
't Hooft couplings remember that the phenomenological value and sign of the     splitting (see ref. [2]) required
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the instanton-induced attraction between a non-strange-strange quark pair to be weaker than between a non-strange




. In fact this requirement is fairly well conrmed by the QCD-relations (13) due to the
dierent Wick contractions of the original six-point 't Hooft vertex with one incoming and outgoing quark of each
avor (u,d,s): g
nn
involves the integration over the strange (s) quark loop, while in g
ns
the lighter non-strange quark
(u and d, respectively) is integrated over.
We should further mention that for a value  = 
c
= 0:44 fm we nd only a 6 % dierence between the one-loop
and two-loop approximation of the strong -dependent running coupling constant g() given in eq. 15, which still is
small enough to be within the scope of the two-loop formula.
Unfortunately, the phenomenologically adjusted strange-quark mass is denitely too high to be compatible with
the gap-equation result at this critical instanton size 
c
' 0:44. But note, that the derivation of the eective 't Hooft
interaction assumes zero-mode dominance in the case of (almost) massless current quarks. Compared to the almost
vanishing non-strange current quark mass m
0
n
' 9 MeV, the strange quark mass m
0
s
' 150 MeV, however, is quite
big, so that in this case the zero-mode approximation might become less valid and consequently contributions to
the strange quark mass, that stem from non-zero modes could become important to explain a part of this missing
mass. Moreover, the instanton induced interaction is not necessarily the only source for contributions to the eective
constituent quark masses. In principle there might be other contributions and hence it is hard to decide whether this
discrepancy in the strange quark mass actually reects a serious inconsistency.
In table 20 we additionally displayed the explicit absolute values for the masses and coupling constants obtained
by the gap-equations with a cuto 
c
' 0:44 fm, in comparison to the corresponding tted values of model A.




 = 0:4 fm
g
nn





















= 375 MeV m
s
= 630 MeV
Table 20. Empirically tted 't Hooft couplings and constituent quark masses of model A (right column) in comparison with the
corresponding gap equation results (left column) with 
c
' 0:44 fm (compare to g. 20). The calculations have been performed
in two-loop approximation with the standard QCD parameters given in table 19.
Except for the much too low strange quark mass m
s
the agreement with model A indeed is satisfying: In view
of the sensitive dependence on the condensate values and the arbitrary regularization procedure, the deviations of




















= 0:69 obtained by the
phenomenologically determined couplings.
In summary, we thus nd a rather good consistency of our model A with the expectations from the theory of
instantons and its relation to QCD, which strongly supports the spirit of our model that non-perturbative gluon
congurations, i.e. the instantons, play the dominant role in the description of spin-spin forces for the light baryons.
In comparison with the analogous couplings tted in the meson calculations of ref. [30,31] our couplings are, however,
too large. This admittedly indicates that our phenomenological approach needs further theoretical justications.
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